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FOBEVOBD 


This  report  was  prepared  hr  the  Malntenaaoe  Design  Seotloa,  Roman  Engineering 
Brmohf  Behaivioral  Sciences  Laboratoryi  in  siq>pcrt  cf  Project  73SU>  "Hunan  Ferfono- 
anoe  in  idvwced  Sjrstens,"  Task  7l8ii06,  "Design  Criteria  for  Base  of  Maintenance," 
with  Major  L,  D.  Pigg  as  task  scientist.  This  paper  was  presented  at  the  Joint 
National  Meeting  of  the  Institute  of  ierospace  Sciences  and  the  Anerican  Rocket 
Society,  Jane  1961,  Los  ingeles,  CaUfomLa. 
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ABSTRACT 


Rssalts  of  research  on  proUeas  related  to  hnun  perfomanoe  of  aaintenanee 
actions  in  space  systems  are  reTlswed.  The  interactions  of  sensory,  psyehoawtor, 
and  motor  functions  are  discussed,  along  vith  problems  of  remote-handling  ^pplioa- 
tlons  in  the  space  emdroDment. 
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BOUN  ENOnOSRIIlQ  FRIHCIFUS  OF  DKSIQN  FOR  IK-SPiCE  MAIMTENiNCB 


INTRODncnOM 


Successful  specs  flight  will  require  extreaely  reliable  operation  of  the  space 
eahlele  systens*  Presently  available  ee^>onsnts  do  not  have  inherent  reliabilities 
sufficiently  high  to  satisfy  the  overall  requlraaent  for  space  flight.  Thus«  a 
■ajar  effort  toward  syatea  reliability  lagurovenent  is  Indicated. 

This  effort  can  take  one  or  Bare  of  at  least  three  ooursess  conponents  redun- 
dancy*  eoaponsnts  rellatblllty  laproveBent,  or  in-flight  repair  by  orevnen.  As  a 
practical  Mtter,  efforts  In  all  three  directions  appear  necessary.  Some  rsdun- 
danqr  In  the  fora  of  parallel  units  for  critical  eleMmts  Is  probably  unavoldabla. 
hbight  restrictions  dictate  a  Uadt  to  redundancy^  however^  and  conplenentary 
actions  anst  be  taken.  Coqponanta  reliability  ijn^oveBent  can  be  brought  about 
through  special  developnant  efforts^  but  here,  too,  there  are  practical  Units. 
Thus,  the  repalrBan  Is  called  into  the  syatea.  Ha  repairs  the  elenent  which  has 
failed  while  Its  redundant  backup  elenent  Is  In  operation. 

In  the  opinions  of  several  writers,  using  nan  in  this  aaintenance  funotion 
constitutes  the  best  hope  for  achieving  the  required  reUablUty  of  space  systeas. 
Ferlug>s  the  case  is  best  represented  ty  McRuer,  Ashkenas,  and  bwndel  (ref.  lU)  who 
state  "...with  a  saMll  stock  of  spare  aodules  and  parts,  and  a  aan.  an  actual 
physical  syatea  with  only  one  or  two  parallel  channels  can  q>proach  an  effective 
syatea  with  nnoh  acre  redundancy.  Thus,  a  piiae  huaan  role  in  space  will  be  that 
cf  failure  detection,  replaoeaent,  and  repair." 

Inforaatlon  on  the  general  problea  of  design  for  naintenaioe  in  space  Is 
lialtad.  Much  research  aust  be  accoqjllshed  before  effective  utlUsatlon  of  nan  in 
this  rde  of  great  potential  Inportanoe  can  be  reaUaed.  This  research  must  cover 
at  least  the  prbbleas  of  Intra-  and  extra-vehloulor  naintenanoe  operations,  reaote- 
hidllng  applications  In  spaoe  aaintenance,  and  Integrated  systems  design  for 
maintainability  In  space.  Thla  paper  describes  results  of  research  efforts  direct¬ 
ed  toward  solution  of  some  of  these  prbbleas  by  the  Ruaan  Engineering  Branch  of  the 
Aerospace  Hedloal  Laboratory  at  Wkight-Patterson  Air  Force  Base,  (Mo. 
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nsiai  csnsRiA  for  mhual  mniBiAws 


Svfvral  atadits  liaaa  baan  oarrlad  ont  to  datandoa  tlia  affaeta  oT  wightlaaa- 
aaaa  and  frtctlcrilaaanaaa  cn  aanaory  prooaaaaa,  baalo  payehcnotar  parfonanoa, 
■«iiial  i|iplleatl«n  of  foroaa«  and  diaorininaticp  «id  bailing  of  inertial  obJaeta> 
inolading  atoraa,  eoaponantOf  and  toola*  Theaa  atadlaa  haea  nade  naa  of  laro-g 
aircraft,  or  alr-baarlag  darloaa  vbloh  aupport  nan  or  objaeta  in  naar-frlotlonlaaa 
atataa  for  Indafinita  tine  periode,  to  alanlata  the  nelghtleae-traotionlaee  aapeot 
of  the  apaoa  anvironnent. 

Sanaorr  Barfcmanoa 

Naigr  lotrignliig  qneationa  abont  nan*  a  parfomanoa  In  apaoa  oooean  tha 
raapcnaea  of  Ida  aanaory  prooaaaaa  to  tha  anttronaantal  faotora  of  weightXeaaneaa, 
laolatlea,  atreaa,  ate*  Moat  of  the  ananara  will  oena  only  aftar  nan  haa  aueoeaa- 
fallj  jawnepad  lata  apaoa*  Sana  voile  haa  baan  dona  and  seat  of  it  la  generallj 
vail  knovn*  fbo  atadlM  are  vorth  ventioning  bare* 


Inara  eaad  MrltAve  and  negative  aeoelerative  foroea  prodooe  loaaea  in  viauel 
aavit^  (raf  *  17)*  Ta  aaa  if  vel^itleaaaeaa  voaU  alao  affect  rianal  aoni^,  aub- 
>ata  vara  taatad  for  binoevlar  and  nonoenlar  near  and  far  viaion  on  tvo  tjpaa  of 
aevitj  tarfeta  vhAla  thap  vara  aapeaed  to  saro-g  aboard  a  C-131  aireraft  (raf.  15)* 
Statiatiaailj  aignlfleant  daermenta  vara  foond  for  aaro-g  aoorea  bj  eoaparlaon 
vlth  aontrol  aooraa  In  l-g  fllglit*  Uffaranoaa  in  aceomodation  and  tgrpaa  of 
targata  did  not  ^jpdfioanUj  affaot  tha  raanlta.  Tha  ataraga  deorenant  vaa  the 
aqidvalaat  of  a  69  inereaaa  in  vianal  angle  of  taigeta  at  threehoiLd  legibilitj. 

Fv  ordinaiiy  porpoaaa  of  viaion  thla  ia  not  of  praotioal  oonaaqaenee* 

faatibolar  fbaetioaat 

Tba  affaot  of  airorafVprodtaoad  voiihtlaaanaoo  on  goldfiab,  pigaona,  and 
nrtnala  vaa  atndiad  to  aaa  itethar  tha  ao-callad  grnri-raoaptora  of  tha  vaatibular 
region  of  tha  ianar  ear  are  indaad  aenaitiva  to  aooalaration  (raf*  11).  The  gbld- 
fiab  aaanned  maaal  poaitiona,  even  Invartad,  daring  vaightleaaneae*  Pigeona  did 
not  danonatrata  the  poatoral  reflex  vbieh,  voder  1-g,  eanaea  eonpeneotory  head 
nownant  ia  reaponaa  to  bod^r  rotation*  Tte  righting  reflex  of  oata  vaa  notioeabl/ 
abaent*  Theaa  reavlta  onlj  tend  to  varlfj  vhat  haa  fraqoantljr  been  noted  bgr  huaan 
anbjaota  during  vel^itleaanaaat  that  opatial  diaaorlantotiao  ia  apt  to  occur* 

3anaoaT^lotor  Thrforaanoa 

lie  ara  aoouatoned  to  lifting  aod  aoving  thinga  bj  overooning  the  axiating  pull 
of  gravity  on  both  our  llaba  and  the  bbjaota  va  handle  •  tie  loom  very  early  to 
Judge  the  veighta  of  dbjaota  and  to  prediot  their  novaneata  by  the  foroea  ia  our 
linba  aa  ve  handle  than*  Si  a  vaightleaa  envlroonant,  there  ia  no  gravitational 
foroa  to  ovaroone  and  even  the  anallaat  f  oroa  viU  aooalarota  a  Aiva-floating 
objaot*  Thoa,  nan'a  Judgaent  and  affeetivaneaa  in  the  handling  of  objeote  nay 
auffer  in  the  apaoa  anvirooMnt* 
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DLforialiwtlOQ  of  Masst 

One  intwrwatlng  qaaation  oonoarns  ■«»*•  to  dioerlaiiuite  dLfforaneoo  in 

naoo  of  volghtlosa  obijaoia.  To  provida  an  ananar,  a  laboratorjr  atodjr  was  earrlad 
ont  to  eoqpara  nan'a  atllltj  to  diaerlKlnata  aaall  diffaranoaa  in  naaa  vitb  hia 
^litgr  to  diaorlninata  diffaranoaa  in  waigbt  (raf.  16).  Fonr  walght  aarlaa  vara 
naady  aaeh  eonaiating  of  a  atandard  (lOOOy  3000,  $000,  or  7000  grana)  and  nlna 
eonpariaon  atiarali.  JndpMnta  for  naaa  diffaranoaa  vara  nada  with  tte  »mm  wighta 
anpportad  bj  oc^iraaaad  air  on  an  air>baaring  tabla  in  ainulation  of  waightlaaanaaa. 
Raanlta  ahoa  that  diffaranoa  thraahdlda  (tlia  anonnta  bgr  whioh  two  atlmli  nnat 
diffar  to  ba  paroaiaad  aa  diffarant  at  laaat  $0  paroant  of  tha  IIjm)  ara  approad.- 
utalj  taioa  aa  larga  for  naaa  aa  for  aaight,  and,  fnrthar,  that  thay  ara  approad- 
■ataly  proportional  to  tha  naaa  of  tha  objaota  handlad.  prcportionalitj  ia 
alao  tma  for  naight  for  abieh  tha  diffaranoa  ratio  ia  ganarally  found  to  ba  »0S» 
Ttaaa,  tha  diffaranoa  ratio  for  naaa  ia  approodnataly  .1)  i.a.,  for  two  objaeta  to 
ba  paroaiwad  an  diffarant  in  naaa,  thay  nuat  diffar  by  10  paroant.  Tha  diffaranoa 
in  diacrinl  nabllity  of  naaa  nd  waight  ia  ralatad  to  nan*  a  inability  to  aohlava 
atandard  aoealaratlona  and  noaananta  of  ohjacta  having  only  naaa. 

Poaitioning  of  Gbjactat 

In  other  atndiaa  (rafa.  12,  13),  parfornanoa  in  poaitioning  of  "wai^itlaaa” 
objaeta  waa  naaanrad  to  aaa  if  loaa  of  tha  ona  of  gravity  would  affaot  apaad  and 
aecnraqr  of  handling  oparationa.  Subjaeta  poaitionad  objaota  of  rarying  naaa 
through  diffarant  diataneaa  and  diraotiona  whila  tha  objaeta  ware  alrbcma  over  an 
air-baaring  table.  Both  flaad  aub^ota  (atandlng)  and  traetionlaaa  aub^ota 
(aaatad  on  an  atr-baaring  platfon)  ware  uaad. 

For  tha  flaad  aub>ota,  ohanga  in  db>ot  naaa  produoad  no  prononnoad  aflbot, 
but  ohangaa  in  both  diatanoa  and  diraetion  lad  to  aignlfioant  ohangaa  In  perfoom- 
anoa.  Seaponaa  tlna  inoraaaad  whUa  aocuracy  daoraaaad  with  diataom.  Baaponaa 
tina  waa  laaa  for  naar-to-far  novananta  than  for  Iaft«to-right  novananta,  although 
aoouraey  waa  graatar  for  tha  latter.  Thna,  in  tfaia  oaaa,  tha  uaual  oorralation 
batwaan  apaad  and  aeouraay  waa  not  found. 

For  tha  traetionlaaa  aub^acta,  the  raaulta  diffarad  priiMotlly  in  that  ohanga 
in  naaa  did  prodnea  algnifieant  diffaranoaa  in  raaponaa  tlna,  with  haatviar  naaaaa 
involving  longer  raaponaa  tlnaa.  Alao,  by  eaq>arlaon  with  fined  aubjaota,  trao- 
tionloaa  anbjaeta  had  aignifieantly  poorer  parfornanoa  in  tama  of  aeenrai^.  Bow> 
ever,  raaponaa  tinea  ware  ahortar— a  fnnetion  of  tha  ahorter  tlna  avallhbla  for 
raaponaa  in  the  dynaaie  aetion-raaotion  condition. 

0|)aration  of  Sultehaat 

In  another  atwiy  (raf.  11),  aub^aota  operated  diffarant  typaa  of  awitehaa  to 
tom  lighta  on  and  off  aa  they  ware  flown  through  aar^g  trajactoriaa.  hiah-button, 
toggle,  and  rotary  awitehaa  vara  paired  with  a  naatar  awiteh  ao  that  aoouraoy  oould 
ba  ohadcad  and  eonpariaona  in  tbo*  of  apaad  of  operation  could  ba  nada.  fkall  but 
atatiatieally  aignlfieant  daerananta  ware  found  in  apaad  of  operation  of  all  throe 
aata  of  awitehaa  in  tha  waightlaaa  anviroownt  by  eonpariaon  with  control  parfom- 
anoa  at  1-g.  Tha  toggle  awiteh  ahowad  tha  graataat  da  prana  nt,  tha  rotuy  awiteh 
aat  tha  laaat.  Spaed  of  operation  waa  graataat  with  tha  puah-butt<n  aat  imdar  both 
l«g  and  waightlaaanaaa. 
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Motcr  PMTfomuM 


i»  for  par*  aotor  porfonMOM  in  tlM  apae*  •mirwm&nt,  two  atndloo  providi 
vaafttl  data  (rafa.  9>  10).  In  thaaa»  anbijaeta  rldii^  on  m  aix^baarii^  platfcn, 
ttaaa  traoUonlaaa,  vara  aakad  to  i4>pijr  nariMna  pnali-piill  f  oroaa  at  rarioua  diaUnoaa 
and  an|laa  froa  a  aingla  lundhold. 

Torq[naa< 

For  oariain  hadhdld  anglaa  ttaa  aaaraca  mtIbiw  eontlnaotia  foroa  wlileb  a  nan 
ooald  aaart  aaa  aqataalent  to  a  torqna  of  2.5  poand-faat— that  ia«  a  poab  or  pull  of 
2.5  pooada  at  a  diatanoa  of  1  foot  froa  ttaa  baadtaold,  1.25  ponada  at  2  faat,  ate. 
Ttaaaa  «a  dafiidta  Ualtatlona  oa  daalfn  of  aaita  raq[iilrlj«  appUoation  of  foroa  for 
aora  ttaaa  3  aaooada  tagr  a  woriGar  nalac  obIj  a  handhold  to  ratala  tala  poattloa  at  work. 


Aao  aaaatBrad  «aa  ttaa  atailltgr  of  traotioalaaa  antajaota  to  apply  lapulaaa  wtaila 
anotaorad  ly  a  handhold  2  faat  Aron  ttaa  point  of  appUoation  of  foroa.  A  liO-ponnd 
poata  foroa  eoold  taa  tPP^d  affaetioaly  for  only  1/2  aaoond,  wtaila  laaaar  foroaa 
down  to  5  poonda  eoald  taa  For  lonpar  parioda  ap  to  1  aaoond.  lha  liadtation 

of  ttaa  Inpnlaa  la  dataxninad  Igr  ttaa  aoaaoMnt  of  ttaa  anbjaot  away  froi  ttaa  point  of 
^lioation  an  a  raanlt  of  ttaa  eoaalaraotlaa  foroa.  Balatad  to  raaetiaa  noaa- 
■ont  waa  ttaa  intaiaatiag  daaonatratlon  ttaat  it  ia  poaaitala  for  a  antOaet  to  aaat  an 
otajaot  agalnat  a  friotional  foroa  tar  ttaing  a  taitl^foroa.  abort-doratlon  iapulaa.  and 
ttaan  tarinc  talaaalf  to  raat  wtaila  taolding  onto  ttaa  otajaet.  wittaont  it,  tay 

applying  an  oppoaita  foroa  (laaa  ttaan  ttaa  fHetiontal  ona)  of  longar  doraticn. 

Bandtool  Oparationat 

Qnalitatlwa  otaaarwatlona  taaaa  taaan  nada  of  taandtool  oparationa  ty  a  fraa- 
floating  nan  in  ttaa  walghtlaaa  analroiaMnt  of  ttaa  ilreraft,  wtaara  alz  dagraaa  of 
froadoB  ara  poaaltila  (ia  eontraat  to  ttaa  thraa  dagraaa  of  novanant  arailataila  on  an 
alr-taaaring  platf om) .  ¥ark  wittaoat  a  taandtaold  or  ottaar  naana  of  attaetanant  w« 
iapoaaitala.  Ivan  witta  a  taandtaold,  ttaa  atrangtta  of  ttaa  wriat  waa  not  anfflciani  to 
eo^naata  for  ttaa  raaeUona  to  ttaa  foroaa  anartod  in  ainpla  taandtool  oparaUona; 
ttana,  awkward  bodf  novananta  raanltad. 


BSZOI  CUTBBIA  FGI  JBDIOIB  HAniBliKg 

laaaareta  ia  alao  ondarway  to  aatabliata  tannan  anginaarlng  prineiplaa  govaming 
daaign  and  uaa  of  ranota-taandiiag  and  aaaoeiatad  aqaipnant  for  apaoa  oparatiOM. 
lha  rola  of  aneh  aqnipnant  ia  gpparant  in  conoaotioo  witta  ttaa  taaka  aecoppliataad 
ovtaida  ttaa  apaoa  vataiola  wtaara,  taaoanaa  of  ttaa  quantity  md  aavarity  cf  pfayaieal 
taaaarda,  it  ia  inprotaabla  ttaat  nan  will  taa  atala  to  work  affaotivaly  wittaoat  aona 
naana  of  aartanding  taia  paroaptoal  and  ptayaietal  aklUa  taayood  a  raatrietiva  anoant 
of  protaetlva  ataialdliig.  Banota  taandling  will  allow  nan  to  work  taayond  aueta  ataiald- 
ing  in  araaa  cf  taigta  radiation,  naar  or  total  vaowun,  aztranaly  low  taoparatora, 
ate.  Ttaaa,  nay  eorrant  apaoa  propoaala  inelnda  idaaa  of  uaa  of  ranota  nanipalativa 
aqaipnant,  ranging  fron  ttaa  aln^  to  ttaa  eonplax,  for  naay  Joba  in  plaoaa  otaara  nan 
eaonot  go  wittaoat  apaoial  pretaotiva  davioaa  (wtaieta  taaapar  taia  notaUlty  and  action, 
and  nay  thanaalvaa  inelnda  ranota-taandling  qppandagaa)  • 
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AMUg  ttai  tMla  far  raocte  handling  la  apaea  will  ba  aaaaabljr,  dUaaaaaUj,  and 
aalntananoa  «f  apaoa  87staM«  Inelndlng  laapaetlOB,  rapair,  aanrielj^,  and  ohaekonti 
axparlaantatloi,  iaolading  ajgilaratla,  aai^ng,  and  taatingi  trotafar  of  paraonaal^ 
aappUaa,  and  aqalpnaatt  and  aaargaaqr  cparaUcoa*  aaeh  aa  aaeapa  aad  raaooa  (raf. 
$)•  lhaaa  taaka  bm  aBeh  in  oomb  idtb  raaota-baadUag  taaka  Inrolaad  in  groond- 
bonw  oparationa.  Tbna,  aangr  of  tha  raaaareb  raaalta  ralating  to  thaaa  taaka  vUl 
apply  in  daalgn  for  raaota  handling  la  apaoa. 

Taak  lHataneat 

Tha  afflaot  of  thia  aariahla  on  parforaaaea  of  a  aaalpalatlao  taak  waa  lovaati- 
gatad  aith  a  GRL*  Modal  8  Naatar-Slawa  Maalpnlator  (raf.  2).  ParfonMDoa  tiaa 
ineraaaad  algalfleaBtly  aa  tha  taak  «aa  aovad  froa  a  poaltioB  7  foot  trm  tha  opar- 
atcr'a  ayaa  to  9  foot,  and  again  an  it  aaa  aoaad  to  11  foot.  Thia  raflaota  tha  loaa 
in  alaaal  raaolvtion  and  dapth  paroaption  aoooapaaylag  ineraaaad  diatanoa.  At  dia> 
taaoaa  of  100  faat  or  aoraa  talaaeo^  or  talaalaioa  aooitflriag  la  naoaaaaqr  for 
praetloal  parpoaaa. 

Objaot  Siaat 

Tha  affaet  of  thia  aariabla  aaa  inaaatigatad  la  a  taak  in  whleh  dlffarant  alaoa 
of  haxagoaal  nota  aara  raaovad  froa  bdlta  (raf.  3).  Ihrforaatioa  tiaa  aaa  not  alg- 
idfloaatly  ohaagad  aa  not  dlaaatar  aaa  Ineraaaad  froa  i/U  Ineh  to  2-l/li  Inehaa  (tha 
praetloal  Halt  for  tha  aanApolator  alaaa  haad). 

Angla  aad  Haight  of  Taak  Maplayt 

Thaaa  Tarlablaa  aara  atmUad  in  oonaactlon  alth  tha  not-raaoval  taak  daacribad 
abova.  For  tha  ataiMling  oparator  aorklng  at  aaaaral  dlffarant  taak  anglaa,  algnifi* 
eaatly  battar  parforaanoa  raaoltad  ahan  ta^  aara  praaantad  at  a  aorkii«  haight  U5 
inehaa  froa  floor  laral,  bgr  ooapariaon  aith  both  loaar  and  highar  aorkii^  haighu. 
Wlthoat  ragard  to  tank  haight,  parfomanoa  aaa  battar  in  tha  to  69o  ranga  of 
taak  angina  aaaaarad  froa  tha  horiaontal  plana.  Tba  tao  rariablaa  aara  found  to 
intaraet,  hMaaar,  ao  that  horlaontally  orlantad  taaka  aara  parfomad  boat  at  Ua 
lowat  haight  aad  pooraat  at  tha  highaat  aorking  haight.  Ibrtleal  taaka  aara  par- 
foraad  baat  at  intanaadlata  haighta. 

liwipaaBt  fariablna 

Haoy  raaota^haadliag  problaaa  ralata  to  tha  daalgn  of  tha  aquipoant  Itaalf . 

Huoh  attaatlon  haa  alraadf  baan  giaan  to  tha  affacta  of  ehanga  aaong  tha  aMngr  aari* 
Ablaa  of  daalgn  of  aanipalatora  and  aecaaaoriaa  (raf.  $).  Sanaonr  faadbaek  (tactual, 
kinaathatio,  alatMl,  and  aaan  auditory),  aofaaant  ratioa,  foroa  ratioa,  poaar  pro- 
▼iaiona  (naohanleal,  hrh’anlio,  alacUloal),  and  auadliaiy  eontrola,  to  naw  a  fa«, 
hava  baan  atndiad.  Tao  atadiaa  of  thia  natura  ara  raportad  baloa.  But  flrat  it  la 
wortlariiila  to  look  at  tha  affacta  of  tha  aanipalator  itaalf  on  huaan  parfomanoa. 

HoMfta  aaraua  Slract  Bandlingi 

Haaota  handling  ia  auplcpad  at  a  prioa.  By  oonparlaon  with  diract  aamal  par- 
fomanoa,  taaa  dT  naohanleal  naatar-alava  aanipalatora  generally  radaoaa  affieiancy 

*Oaniiral  WaWarch  Laboratoriaa,  Had  Wing,  Hinnaaota 
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to  «  •Ignlfloant  digroo.  To  eoUbrato  thlt  faeior,  a  standard  ■anipuIatlTs  task  wss 
parf onssd  with  both  wodss  of  hsndlinf  in  an  axpariasntal  sstup  which  ocntroUad  for 
axtransons  affaets  sneh  as  praetiea  and  ssiinsnoa  of  tast  (rsf.  2).  Oparators  of  tha 
CSL  Modal  8  aanlpnlator  took  6  to  10  tlass  longar»  dspanding  m  task  distaneOf  to 
parf cr»  tha  task  than  did  dirsot  handlsro.  Tbs  factor  of  6  was  fonnd  for  ths  7-foot 
task  distanea,  ths  factor  of  10  for  tbs  U-foot  distmea.  Ths  ratio  of  6  to  1 
(foond  at  9  fast)  was  aoat  rsprssantstiws  of  raaots  tasks  porfonwd  at  ths  wodal 
distanoa* 

Usicht  UsorlainatioBi 

Stodias  wars  coodnotad  to  datsrains  tbs  offset  of  raaota  handling  on  ability 
of  swbjacts  to  Bska  both  absdlnta  and  differential  jndpMnta  of  weights  (rsfs.  6,  7X 
ooHpariaoD  with  direct  handling,  ranota  handling  produced  absolute  astlnatss 
which  ware  higher  aid  nors  accurate  on  ths  sfuraga  but  aors  Tariabis*  There  was 
lass  tendency  for  ranota  astiaatss  to  bs  iafluanead  by  lansdiataly  prsosdiog  hand¬ 
ling  operations  (contrast  offset).  Dlffaranoa  thresholds,  tha  anounts  by  which  two 
stinuli  Hust  differ  to  bo  paroairsd  as  different  at  least  $0  percent  of  tbs  tins, 
wars  nearly  doubled  with  ranota  handling,  thus,  sensory  feedback  is  attanuatsd  by 
ranota  handling  so  that  two  objects  differing  lass  than  8  percent  in  weight  cannot 
be  affaetiwsly  dlscrladaatad. 

Maas  Uaerininatioat 

Since  objacta  in  space  do  not  have  weight,  it  is  useful  to  know  what  the 
difference  threshold  for  ranotsly  handlsd  nassas  will  be.  The  discrinlAstlon  study 
was  repeated  (ref.  8),  using  objects  snpportsd  by  ccapressed  air  (over  the  air- 
bearing  tdbla  nentionsd  prewionsly).  It  was  thus  a  nasa-discriadLnation  study.  The 
difference  threshold  in  this  case  was  23  paroant,  nors  than  double  the  difference 
threshold  for  renotsly  handled  weights.  A  sismsry  of  results  of  the  several  dis- 
orlnination  experlnents  shows  that  loss  of  weight  as  a  cue  leads  to  doubled  differ¬ 
ence  tbrasholtto,  which  are,  in  turn,  doubled  by  ranots  handlingt 


Basis  of  1>pa  of  Dlffarenoe 

Diserlnination  Handling  Hatio 


woight  direct  .0$ 

*  ranota  .06 

nass  direct  .10 

•  ranoU  .23 


Mode  and  Rata  of  Imkvingi 

NachanAcal  naotar-slavu  nsnipulatcrs  have  auxiliary  devloes  by  which  the  slave 
hand  la  noved  to  areas  not  reachable  by  nomal  articulation.  Ibis  is  called  indsx- 
ing.  It  is  n f anally  controlled  by  a  hand-operated,  two-way  switoh.  Berfomanoa 
with  tha  band  switsh  wss  cenpared  with  perfoauMnoe  with  a  foot-oparatad  switch  on  a 
task  requiring  indsadag  (ref.  b).  Ibrea  representative  rates  of  indexing  were  used, 
■o  advantage  in  task  speed  was  found  for  either  nods  of  indexing,  but  fewer  errors 
(dropping  Objects,  indaxlag  in  ths  wrong  directicn)  occurred  with  the  foot  control. 
Tbsre  was  also  avidsnoe  of  faster  Isandng  (to  an  asjnptots  of  psrfomtfnoa  tins) 
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with  the  foot  control.  These  results  vers  not  altered  by  change  in  rate  of  Index- 
lng>  even  though  each  change  was  shown  to  affect  speed  of  performance  significantly 
(higher  rate— shorter  task  time)  for  most  tasks.  For  tasks  involving  oi:^  short 
indexing  distances »  there  was  no  advantage  in  faster  indexing. 

Cdlw  Coding  of  Jaws: 

In  another  study«  involving  intricate  manipulations  of  small  objects^  differ¬ 
ent  colors  were  tised  for  the  slave  fingers  to  see  if  task  performance  could  thereby 
be  liqproved  (ref.  2).  Significant  differences  were  not  found.  Thus,  color  coding 
of  the  remote-handling  equipment  itself  is  not  Indicated.  More  appropriate  use  of 
color  to  ijiprove  rmaote-handllng  perfomanee  may  possibly  be  made  in  design  and  lay¬ 
out  of  the  task  to  be  performed. 

Operator  Variables 

As  in  any  task  requiring  skill,  individual  differences  exist  in  remote-hmdling 
performance.  These  can  result  from  differences  in  inherent  manual  dexterity,  co- 
ordinatlon,  visual  acuity,  depth  perception,  and  other  such  factors.  Operator 
screening  is  a  means  of  controlling  them.  Beyond  this,  there  are  still  many  other 
operator  variables  which  affect  performance.  TWo  have  been  studied: 

Practice: 

Naive  subjects  were  used  for  remote  performance  of  a  block-majjipulatLon  task. 
Performance  time  decreased  to  a  practical  asymptote  within  Just  a  few  trials,  in¬ 
dicating  that  beginner  operators  adapt  to  the  grosser  aspects  of  the  master-slave 
manipulator  with  little  difficulty  (ref.  2).  Per  satisfactory  performance  of  more 
intricate  tasks,  several  hours  of  training  may  be  required. 

Seated  versus  Standing  Operators: 

A  stu^y  was  conducted  to  determine  the  extent  of  limitations  upon  the  woric 
range  of  the  manipulator  resulting  when  the  operator  is  seated  (ref.  1).  This  was 
thought  to  be  a  way  of  approximating  the  effects  of  confined  quarters  which  may 
exist  in  space  applications.  Contours  of  effective  performance  were  progressively 
reduced  in  area  as  the  plane  of  tbs  task  was  lowered  to  the  level  of  the  knees  and 
below.  In  general,  the  range  of  effective  performance  for  the  seated  operator  was 
approximately  one-third  the  range  for  an  unrestricted  standing  operator. 


fustier  research  needs 

This  paper  deals  only  briefly  with  results  of  a  very  limited  program  of 
research  on  prbblems  related  to  human  performance  of  maintenance  actions  in  space 
systems.  A  great  number  of  other  research  effoorts  pertinent  to  these  problems  are 
being  carried  out  by  many  different  agencies.  Success  in  manned  space  operations 
will  depend  a  great  deal  on  the  success  of  these  and  future  efforts. 

While  the  total,  necessary,  additional,  human  factors  effort  cannot  be  speci¬ 
fied,  further  work  i^oh  should  be  done  to  extend  the  usefulness  of  the  results 
reported  in  this  paper  can  be  identified. 
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Additional  research  is  needed  cn  design  criteria  for  extra-vehicular  operations 
in  space*  Design  infGmation>  principleSf  and  procedures  of  operation  for  all 
equipaent  used  in  or  for  naintenanee  in  space  oust  be  developed  and  validated.  In¬ 
cluded  in  this  research  are  hunan  engineering  principles  of  design  and  use  of  hand- 
tods;  of  envir omental  protection  devieeSf  including  partial  shielding;  and  of 
maintenance  aidS)  such  as  checklists,  handbooks  (or  infomation  storage  devices), 
and  test  equipment. 

Additional  research  is  also  needed  to  develop  basic  remote-handling  concepts, 
and  to  establish  criteria  for  eaiiq)aring  and  eraluating  different  types  of  remote¬ 
handling  systems  vith  respect  to  their  usability  in  the  space  environment.  Sdu- 
tions  to  perceptual  problems  connected  eith  remote  operations  in  space  are  needed. 
Problems  of  remote  visual  access,  including  use  of  closed  and  open  circuit  tele¬ 
vision,  depth  and  movement  perceptlm,  Illuminati ma,  glare,  contrast,  and  tactual 
and  kinesthetic  feedback  are  representative. 

These  are  Just  a  few  of  the  many  considerations  important  to  effective  mainte¬ 
nance  operations  in  space  systems.  Research  is  underway  to  provide  needed  answers 
for  many  of  the  questions.  Much  more  must  be  undertaken  to  satisfy  the  overall 
need. 
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